Previous studies of the characteristics of suppression occurring under various visual conditions show similarities and differences which may be indicative of the mechanism of suppression. The primary purpose of this study was to determine if the suppression that occurs in response to an eyelid blink (blink suppression) is similar to that which occurs during a saccade (saeeadic suppression). In addition, the characteristics of blink suppression and other forms of suppression (i.e. permanent and binocular rivalry suppression) are compared. A test probe paradigm was utilized to determine the effect of blink suppression on the spectral sensitivity function in three normal observers. Employing a two alternative forced choice technique, thresholds were determined for wavelengths from 420 to 680 nm in 20 nm steps. At each wavelength, the threshold was determined at 0 and 400 msec after the onset of a voluntary blink. The magnitude of suppression was taken as the difference between the 0 and 400 msec thresholds. Similar to saccadic suppression, the magnitude of blink suppression increased as the stimuli biased detection towards the luminance channel. These results suggest that blink suppression and saccadic suppression are the result of a single mechanism. Similarities between blink suppression and other forms of visual suppression are also considered.
INTRODUCTION
Suppression of vision can be observed in a variety of viewing conditions in subjects with normal vision. For example, suppression can result under binocular viewing conditions in which the visual signal from one eye suppresses the visual signal from the other (e.g. permanent and binocular rivalry supression; Breese, 1909; Mauk, Francis & Fox, 1984) . This is a result of competitive interactions between the two eyes. Suppression of vision can also result from a neural mechanism external to the afferent visual pathway. For example, lid blinks, saccades and vergence eye movements all produce suppression of vision (Volkmann, 1986) . These forms of suppression are believed to result from a corollary discharge in association with the efferent signal to move the eyes or eyelids (Volkmann, Riggs, Ellicott & Moore, 1982) . Thus, suppression of vision can occur as a result of binocular interactions between the two eyes or as a result of a process external to the afferent visual pathway.
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mechanism of suppression is the same for blinks, saccades, and vergence eye movements (Manning & Riggs, 1984; Volkmann, 1986; Ridder & Tomlinson, 1993b) . The suppression associated with saccades and blinks increases as the spatial frequency of the test stimulus decreases (Volkmann, Riggs, White & Moore, 1978; Ridder & Tomlinson, 1993b) . Also the magnitude and the time course of suppression with respect to the movement is similar for blinks, saccades and vergence eye movements (Volkmann, 1986) . Since the characteristics of suppression associated with these different eye movements are the same, it is believed that a single mechanism produces the visual suppression accompanying these movements. If there is a single mechanism of suppression associated with eye movements, then its form should always be the same for the different eye movements regardless of the stimulus employed. Previous studies by Richards (1968) and Lederberg (1970) demonstrated that suppression of discrete wavelengths of light occurs with saccadic eye movements. Recently, Sato and Uchikawa (1993) examined the magnitude and time course of saccadic suppression for stimuli that biased detection towards the luminance or opponent-color channel. These studies suggested that the luminance channel was suppressed more than the opponent-color channel. If a single mechanism produces the suppression associated with all eye movements then the suppression observed with 2569 2570 WILLIAM H. RIDDER III and ALAN TOMLINSON blinks should have a form similar to that observed with saccades.
Suppression of visual information has also been observed as a result of binocular interactions (Breese, 1909) . Ridder, Smith, Manny, Harwerth and Kato (1992) examined the magnitude of suppression associated with binocular rivalry and permanent suppression for monochromatic stimuli that biased detection towards either the luminance or opponent-color channel. These results suggested that the mechanism that produces binocular rivalry suppression was not the same as the mechanism that produces permanent suppression. We wanted to determine if the form of suppression associated with blinks was similar to binocular rivalry suppression, permanent suppression, or neither form of suppression. It may be that the visual system has many different suppressive mechanisms, however, previous studies of suppression with different types of eye movements would suggest that there are few such mechanisms (Volkmann, 1986) .
The two principal aims of this study were to (1) determine whether suppression of vision from blinks results from a mechanism similar to that observed with saccades and (2) determine if the suppression observed with blinks was similar to that observed with other mechanisms of suppression in the visual system. To answer these questions, increment-threshold spectral sensitivity functions were measured during blink suppression in normal subjects. A preliminary report of part of this work was presented previously (Ridder & Tomlinson, 1993a) .
METHODS

Subjects
Three experienced psychophysical observers were employed in this study. They had 6/6 vision, or better, with spectacles and with contact lenses. Color vision, stereopsis, and ocular health were normal for all subjects. One of the authors (AT, Subject 1) served as a subject and the other two subjects were naive with respect to the purpose of the experiment.
Visual stimulus
The stimulus was produced with a Bausch and Lomb high intensity Tungsten lamp and monochromator. Dominant wavelengths from 420 to 680 nm in 20 nm steps were examined (half-bandwidth l0 nm). Stimulus intensity was controlled with neutral density filters placed in the optical path. rear-projection screen (Fig. 1) . Three test conditions were employed. A stimulus of (1) 0.5 ° diameter and 5 msec in duration or (2) 0.9 ° diameter and 33 msec in duration with a background luminance of 1 cd/m 2 and (3) a stimulus of 0.9 ° diameter and 33 msec in duration with a background luminance of 35 cd/m 2. During the experimental testing, the subject's retina was conjugate with the rear-projection screen viewed monocularly at 1 m (Fig. 1) . To eliminate the effect of eyelid closure and the subsequent occlusion of the pupil, the subject's lids were held open with a lid speculum and a soft contact lens was worn to avoid corneal drying (Ridder & Tomlinson, 1993b) . The initiation of the stimulus trial occurred on blinking. An Eye Trac Model 200 monitored lid position of the nonviewing eye. At time zero, the leading edge of the lid passed the infrared monitor (set at the lower cornea). This initiated the countdown to stimulus presentation. Stimuli were presented at 0 or 400 msec after the blink was detected.
The effect of stimulus duration on the magnitude of suppression was examined so that the longest acceptable stimulus duration could be determined (Fig. 2) . The stimulus duration is plotted on the horizontal axis (stimulus onset occurs at blink detection) and the sensitivity (+ SD) on the vertical axis for two subjects. The test wavelength was 540 nm. Volkmann (1986, Fig. 1 ) found the duration of maximal blink suppression to be less than 50 msec, therefore the stimulus duration in our experiment would not be expected to exceed this upper limit. The data in Fig. 2 suggest that the maximum sensitivity loss is observed for stimulus durations of less than or equal to 33 msec. For stimulus durations less than 33 msec, differences in the following results are not due to the stimulus lasting longer than blink suppression. Furthermore, the effects of eye movements with blinking and masking are minimized with these short stimulus durations (Ridder & Tomlinson, 1993b) .
Technique
A spatial, two-alternative, forced-choice paradigm combined with a self-paced method of limits was employed. The stimulus was presented either above or below a set of horizontally placed fixation guidelines (Fig. 1) . During a single run the subject was required to correctly identify the location of the stimulus. Trials were only run when the experimenter had determined that the subject was fixating the center of the screen. The subject then initiated the trial. Stimulus intensities were increased by 0.1 log unit for incorrect responses and decreased by 0.1 log unit for 2 consecutive correct responses. Feedback concerning the subject's response accuracy was continually given. The procedure continued for 7 reversals and the last 5 reversals were averaged to give a threshold and standard deviation.
Data analysis
The spectral sensitivity data were fitted with a function derived from the photopigment absorption spectra predicted by polynomial expressions for nomogram pigments and modified for preretinal light absorption. This model has been described previously and includes both opponent and nonopponent interactions between the cone mechanisms (Sperling & Harwerth, 1971; Smith, Levi, Manny, Harwerth & White, 1985; Kalloniatis & Harwerth, 1990 , 1991 . Statistical significance was determined by employing a t-test.
RESULTS
The increment-threshold spectral sensitivity functions for a typical subject are displayed in Fig. 3 ; wavelength is plotted on the horizontal axis and log sensitivity (±SD) on the vertical axis. The data for the 5 msec stimulus are plotted as circles and for the 33msec stimulus as squares and triangles (open symbols represent data acquired at 400 msec and solid symbols at 0 msec after blink detection). The circles and squares represent data obtained with a 1 cd/m 2 background and the triangles that obtained with a 35 cd/m 2 background. To optimize the shapes of the functions, all of the data for a given post-blink, stimulus onset time (for the 1 cd/m 2 background) were recorded in a single session. For the data obtained with the 35 cd/m 2 background, all data were normalized to one wavelength (500 nm) that was recorded at the beginning of each test session. The lines drawn through the data are the result of the curve fitting routine described previously (Kalloniatis & Harwerth, 1990 , 1991 . The solid and dashed lines are representative of the opponent-color channel and the luminance channel, respectively.
King- Smith and Carden (1976) have demonstrated that for stimuli that have relatively short durations (approximately 10msec) and small diameters (about 0.05 °) a single broad peaked function (peak at 555 nm) is produced when increment-threshold spectral sensitivity is measured. They concluded that this function was the result of detection by the luminance channel. As the stimulus durations and diameters are increased the function takes on a 3 peaked appearance which King-Smith and Carden referred to as the opponent-color channel. The data obtained in this study with a stimulus duration of 33 msec display the classical three peaked function of 2572 WILLIAM H. RIDDER Ill and ALAN TOMLINSON the opponent-color channel (peaks at 440, 530, 600 nm; Sperling & Harwerth, 1971; King-Smith & Carden, 1976; Kalloniatis & Harwerth, 1990) . The interaction values (K constants) determined from the mathematical fits indicate that the 33 msec data is best fit with curves that are representative of the opponent-color channel. The K constant was greater for the higher background luminance (1.88 vs 1.10). Additionally, the luminance channel became evident with a decrease in background luminance from 35 to l cd/m 2 (dashed line fitting the data from approx 560 to 600 nm). Thus, at a background luminance of 1 cd/m 2 both the opponent-color and the luminance channel are evident (for both the 33 and 5 msec stimulus condition). The data obtained with the 5 msec stimulus duration was similar to that obtained with the 33 msec stimulus duration (1 cd/m2). However, the 440 nm peak was absent for the data obtained with the 5msec stimulus duration. These data indicate that the opponent-color channel is isolated with large stimuli of long durations under high background (a) luminance conditions. If the stimulus duration is de-(a) creased, the stimulus size decreased, or the background luminance decreased, the luminance channel becomes evident. ~ The magnitude of blink suppression can be derived by < o determining the difference between the functions ob-~ o~ tained at 0 and 400 msec after blink detection. For both the 5 and 33msec stimulus duration data (1 cd/m 2 o background), sensitivities were greater at 400 msec after the blink than at 0 msec after the blink. There was little difference in the 0 and 400 msec data when the background luminance was 35 cd/m 2.
Since the 0 and 400 msec post-blink data were obtained on different days (for the 1 cd/m 2 background data), there may be differences in these data that are not the result of blink suppression. To minimize any effect on sensitivity due to daily fluctuations, the data were collected again. This time, for any given wavelength, the 0 and 400 msec post-blink data were collected in a single session. Four to five different wavelengths could be collected in a single session with this strategy.
The magnitude of blink suppression (the log difference of the 400 and 0 msec data) is plotted in Fig. 4 for the 3 subjects. Wavelength is plotted on the horizontal axis and the magnitude of suppression on the vertical axis. To minimize crowding in the figures, standard errors are only shown for the 33 msec data (1 cd/m 2 background).
(c) These are representative of the standard errors for all the data. The average (+ SD) of the 3 subjects's data is also oo~ displayed. The squares represent data collected with the ~ = 1 cd/m 2 background and the circles represent data col-~-,.
~o lected with the 35 cd/m 2 background. The magnitude of q suppression does not appear to be affected by the wavelength of the stimulus for any of the subjects, o However, since for the 1 cd/m 2 background condition a single mechanism is nol, clearly isolated, the data are analyzed as follows. For the areas of the spectrum where the luminance channel is evident (560-620nm), the average loss in sensitivity for both the 33 and 5 msec data was 0.31 _ 0.103 (mean + SD) log units (33 msec, N = 4, (d) 0.25 +__ 0.064; 5 msec, N = 4, 0.38 _ 0.097). These were not significantly different (P = 0.07). For the areas of the spectrum where the opponent-color channel is the most o_ sensitive, the average loss in sensitivity was 0.28 + 0.066 ~ o (33msec, N=I0, 0.28+0.065; 5msec, N=10, oo 0.28 + 0.070). These values were not significantly differ-" ~ ent (P = 0.82). Additionally, a comparison of the data between the regions of the spectrum where the luminance channel and the opponent-color channel were most sensitive did not yield a significant difference for either the 5 or 33 msec condition (33 msec, P = 0.38; 5 msec, P = 0.054). For the 35 cd/m 2 background condition, the average magnitude of suppression (all wavelengths averaged) was 0.03 + 0.086. This value is significantly different from the data obtained with a 1 cd/m 2 background (P < 0.0001 for all wavelengths averaged at each stimulus duration). The small effect of blink suppression with the higher background luminance level indicates that eye movements with the blink and masking play a very minor role in the results. 
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The above data displays a trend which suggest that the luminance channel may be suppressed to a greater extent than the opponent-color channel by eyelid blinks. To examine this possibility, a range of diameters were examined for the 5 msec duration condition (Fig. 5) because previous work suggested that as the stimulus diameter decreased, detection was biased more towards the luminance channel (King- Smith & Carden, 1976) . The stimulus diameter is plotted on the horizontal axis and the magnitude of suppression (+ SD) is plotted on the vertical axis. The background luminance was I cd/m 2 and a wavelength (560 nm) near the peak of the luminosity function was chosen for this experiment. The magnitude of suppression increases as the stimulus diameter decreases, A t-test indicated that the magnitude of suppression with the 0.9' stimulus was significantly different from that with the 0.07' stimulus (P < 0.0001 for each subject). Thus, as the stimulus parameters bias detection more towards the luminance channel (King- Smith & Carden, 1976) , the magnitude of suppression increases. This suggest that the luminance channel is suppressed to a greater extent than the opponent-color channel by eyelid blinks.
If the mechanisms of blink suppression, permanent suppression, and binocular rivalry suppression are similar, then they should exhibit increment-threshold spectral sensitivity functions that are qualitatively similar. Figure 6 displays a comparison between blink suppression, permanent suppression, and binocular rivalry suppression. Wavelength is plotted on the horizontal axis and the relative log threshold is plotted on the vertical axis. For clarity, standard errors are not displayed but were typically less than 0.05 log units. To facilitate shape comparisons, the functions were shifted vertically to coincide at 560nm. The data for binocular rivalry supression and permanent suppression were taken from Ridder et al. (1992) . The stimulus parameters employed (20 msec stimulus duration and 0.8 deg stimulus diameter) were similar to those of this study (33 msec stimulus duration and 0.9deg stimulus diameter). The blink suppression data is the average of the 3 subjects 33 msec FIGURE 5. The effect of stimulus diameter on the magnitude of suppression. The stimulus duration was 5 msec and the wavelength was 560 nm. The data obtained with a 0.9 U diameter stimulus is significantly different from the data obtained with a 0.07 diameter stimulus (P < 0.0001 for both subjects). Thus, as the stimulus condition bias' detection towards the luminance channel (smaller diameter stimuli) the magnitude of suppression increases. stimulus duration data (background luminance of I cd/m 2) from this study. A comparison of the control data for the above three conditions (blink suppression, binocular rivalry suppression, and permanent suppression) did not reveal any qualitative differences suggesting that discrepancies in the stimulus parameters were not significant. The effect of stimulus wavelength on blink suppression is qualitatively similar to that for permanent suppression. For both, wavelength does not appear to have a significant effect on the magnitude of suppression. But wavelength does have a significant effect on the magnitude of binocular rivalry suppression. The magnitude of binocular rivalry suppression is greater for short (440 nm) than for long wavelength stimuli (600 nm).
DISCUSSION
This investigation demonstrates that the magnitude of blink suppression is unaffected by the wavelength of the stimulus employed (Fig. 4) . Furthermore, blink suppression has a greater suppressive effect for stimuli that are processed by the luminance channel than by the opponent-color channel (Fig. 5) . And lastly, the qualitative form of suppression observed with blinks is similar to that observed with permanent suppression (Fig. 6) .
Blink suppression, saccadic suppression, and vergence suppression have several properties that are common. For example, (1) the magnitudes for blink suppression, saccadic suppression and vergence suppression are all similar (Manning & Riggs, 1984; Stevenson, Volkmann, Kelly & Riggs, 1986; Volkmann, 1986) , (2) the magnitudes of blink suppression, saccadic suppression, and vergence suppression increase as the amplitude of the movement increases (Mitrani, Mateef & Yakimoff, 1970; Stevenson et al., 1986) , (3) the time course of suppression begins before these movements start (Beeler, 1967; Brooks & Fuchs, 1975; Volkmann, Riggs & Moore, 1980; Manning, Riggs & Komenda, 1983; Manning, 1986; Volkmann, 1986) and (4) the effect of stimulus spatial frequency on blink suppression and saccadic suppression is similar (Volkmann et al., 1978; Ridder & Tomlinson, 1993b) . Thus, a large number of studies reveal that blink suppression, saccadic suppression and vergence suppression have similar characteristics which suggest that they result from a single mechanism.
Since the magnitude of blink suppression is indepeiadent of wavelength, the magnitude of saccadic suppression should also be independent of wavelength if they result from a single mechanism. Lederberg (1970) examined the effect of voluntary saccades on the time-course of suppression with a monochromatic stimulus. She employed 3 different wavelengths: 488, 549 and 632 nm. Her results suggest that short wavelength stimuli are suppressed at a later time after saccade onset than middle and long wavelength stimuli. She did not directly address the issue of the effect of wavelength on the magnitude of suppression in her article. However, by analyzing Figs 2, 3, and 4 in her paper we can determine the average magnitude of suppression for three subjects at three wavelengths. The magnitude of suppression at 488, 549, and 632 nm was 0.28 log units, 0.46 log units, and 0.40 log units, respectively. Thus, the short wavelength stimulus was suppressed less than the longer wavelength stimuli. Richards (1968) examined the effect of two wavelengths (460 nm and 580 nm) on the magnitude of saccadic suppression. He demonstrated that the 580nm stimulus was suppressed more (0.26 log units) than the 460nm stimulus (0.10log units) for 4 subjects. These results agree with Lederberg (1970) . There are two possible reasons why the results of Richards (1968) and Lederberg (1970) disagree with the results presented here. First, both studies only examined a small number of wavelengths. It may be that if a greater number of wavelengths were examined, a difference in magnitude across wavelength would not have been found. Second, and more importantly, the stimulus conditions that Richards (1968) and Lederberg (1970) employed did not bias detection towards either the luminance or opponent-color channel. Sato and Uchikawa (1993) demonstrated that the magnitude and time course of saccadic suppression depended upon the stimulus conditions employed. Saccadic suppression occurred earlier after saccade onset and was of a greater magnitude if the stimulus conditions biased detection towards the luminance channel. Our data concerning blink suppression agrees with this observation (Fig. 5) . The results of Richards (1968) and Lederberg (1970) can be explained if the stimuli that they used did not clearly bias detection towards either the luminance or opponent-color channel. This appears to be the case if we examine their stimulus conditions. Both studies used stimuli that were large in diameter (2 ° or 4 ° by 10 °) and short in duration (2 msec or 3/~sec). Furthermore, the background illumination was low (3 or 0.41 cd/m 2) for both studies. These stimulus conditions would not clearly isolate either the luminance or opponent-color channel (King-Smith & Carden, 1976) . The data from the Richards (1968) and Lederberg (1970) studies suggest that under their stimulus conditions, the short wavelength stimuli are detected by the opponentcolor channel (low magnitude of suppression with a long latency after saccade onset) and the middle and long wavelength stimuli are detected by the luminance channel (greater magnitude of suppression with a short latency after saccade onset). Examination of our Fig. 3 also suggests that with a low background luminance, short wavelengths are detected by the opponent-color channel and middle wavelengths are detected by the luminance channel. Richards (1968) also suggested that passive eye movements, as well as saccades, can result in visual suppression. His data showed nearly as great a loss in sensitivity with a passive eye movement (pushing on the eye to move it) as with a saccade. Could some of the suppression that we have observed be the result of eye movements occurring as a result of the blink? This does not appear likely for several reasons. First, Collewijn, Van der Steen and Steinman (1985) demonstrated that only small eye movements (1-5 deg) occur with the blink. Thus, if these movements produced suppression, it would not be great. Second, a previous study of blink suppression, only found suppression at low spatial frequencies (Ridder & Tomlinson, 1993a, b) . Passive eye movements would be expected to produce the greatest loss in sensitivity for high spatial frequencies (e.g. from masking). And third, no suppression was observed in this study for the data obtained with a background luminance of 35 cd/m 2. Thus, passive eye movements, if they did occur with this paradigm, did not result in a decrease in measured sensitivity.
ORIGIN OF BLINK AND SACCADIC SUPPRESSION
What is the possible physiological origin of blink and saccadic suppression? The results from this study for blink suppression and from Sato and Uchikawa (1993) for saccadic suppression suggest that the luminance channel is suppressed more than the opponent-color channel. The visual system has two major parallel pathways for low level information processing, i.e. the magnocellular and parvocellular pathways. Cells in the parvocellular pathway typically exhibit color opponency, whereas, those in the magnocellular pathway are color insensitive (Hicks, Lee & Vidyasager, 1983; Schiller & Colby, 1983; Derrington & Lennie, 1984; Lee, Martin & Valberg, 1989; Lee, Pokorny, Smith, Martin & Valberg, 1990; Maunsell, 1992) . These physiological studies suggest that the luminance channel is most likely a component of the magnocellular pathway. Thus, blink and saccadic suppression would principally affect visual processing of the magnocellular pathway.
Other studies also suggest that blink and saccadic suppression preferentially affect visual information that is processed by the magnocellular pathway. Tomlinson (1993b) and Volkmann et al. (1978) demonstrated that low spatial frequencies are suppressed more than high spatial frequencies during blink and saccadic suppression, respectively. Also, Sato and Uchikawa (1993) studying saccadic suppression demonstrated that stimuli that were detected by the luminance channel exhibited the greatest suppression at shorter times after 2576 WILLIAM H. RIDDER 111 and ALAN TOMLINSON the saccade than stimuli that were detected by the opponent-color channel. This indicates that the luminance channel processes information faster than the opponent-color channel. The magnocellular pathway is believed to process stimuli that are achromatic, contain low spatial frequencies and high temporal frequencies (Merigan & Maunsell, 1993) . Thus, all of these studies suggest that blink and saccadic suppression largely affect visual information processing by the magnocellular pathway.
However, these studies do not locate the site in the visual pathway were the suppression is actually taking place. The suppression could occur at the LGN, striate cortex, or beyond. Physiological studies of blink and saccadic suppression in monkeys and cats have suggested that the primary locus of the suppression is the LGN (Chase & Kalil, 1972; Adey & Noda, 1973 : Noda, 1975 Bartlett, Doty, Lee & Sakakura, 1976; Armington & McCarthy, 1984) . Further studies are warranted to determine the first site of the suppression in the visual pathway and the origin of this suppression.
OTHER FORMS OF SUPPRESSION
Suppression of vision can also be produced by conditions that elicit binocular competition. Two such viewing conditions are permanent suppression and binocular rivalry suppression. Permanent suppression can be produced when one eye is presented with a contoured field and the fellow eye is presented with an equiluminant noncontoured field. Permanent suppression results in the noncontoured field being continually suppressed. Binocular rivalry can be produced when the two eyes simultaneously receive different visual stimuli that can not be fused into a single image. This results in either the subject perceiving the stimulus presented to only one eye or to the perception of nonoverlapping areas of the two monocular images (Breese, 1909; Levelt, 1965) . Typically subjects do not observe spatially overlapping areas from the two eyes. These forms of suppression result from a competitive binocular interaction and result in the suppression of the image from only one eye (unlike blink suppression, saccadic suppression and vergence suppression which suppress the image from both eyes).
Several different visual stimuli have been employed by investigators to characterize the mechanisms that produce suppression under binocular viewing conditions (Blake & Fox, 1974; Blake & Camisa, 1979; Mauk, Francis & Fox, 1984; Ridder et al., 1992) . The results of these studies have suggested that binocular rivalry suppression and permanent suppression are produced by different mechanisms. For example, permanent suppression and binocular rivalry suppression are affected differently by changes in the contrast and spatial frequency of the stimulus that produces suppression (Blake & Fox, 1974; Blake & Camisa, 1979; Mauk et al., 1984) . Examination of increment-threshold spectral sensitivity functions has also indicated that the mechanisms that produce binocular rivalry suppression and permanent suppression are not the same (Smith, Levi, Harwerth & White, 1982; Smith et al., 1985; Ridder et al., 1992; Smith, Fern, Manny & Harwerth, 1994) . The suppression associated with binocular rivalry results in a wavelength-dependent loss in sensitivity (Smith et al., 1982 (Smith et al., , 1985 . In contrast, permanent suppression does not produce a wavelength-dependent loss in sensitivity (Ridder et al., 1992) . These findings suggest that under binocular viewing conditions there are at least two separate and distinct forms of suppression that can be observed.
Blink suppression, saccadic suppression, and vergence suppression are believed to result from a centrally originating corollary discharge in association with the neural signal to move the eyes or eyelids (Volkmann, 1986) . Permanent suppression and binocular rivalry suppression are the result of an inhibitory binocular interaction. This fundamental difference between the two types of suppression would suggest that they should not be produced by the same mechanism. However, our present results suggest that permanent suppression and blink suppression are qualitatively similar.
The question might be asked, are blink suppression and permanent suppression alike in other ways ? Mauk et al. (1984) have demonstrated that permanent suppression is the largest when the inducing stimulus has a low spatial frequency (< 4.5 c/deg). For high spatial frequencies (9.0c/deg), they did not observe suppression. A similar effect has been noted for blink suppression and saccadic suppression (Volkmann et al., 1978; Ridder & Tomlinson, 1993b) . Mauk et al. (1984) also noted that as the contrast of the suppression inducing stimulus increased, the magnitude of suppression increased. The effect of contrast on blink suppression has not been studied. However, several authors have observed that as the contour in the field of view increases, saccadic suppression increases (Brooks & Fuchs, 1975; Mitrani, Radii-Weiss, Yakimoff, Mateeff & Boskov, 1975) . These studies indicate that permanent suppression and blink suppression have several properties in common.
The similarity between blink suppression and permanent suppression raises an additional question. How can two fundamentally different modes of suppression induction result from the same mechanism'? Several explanations are possible. First, similarities between blink suppression and permanent suppression may be spurious; these similarities have only been observed in studies of a few stimulus domains. Further studies may indicate the these two forms of suppression are not similar. Second, the different suppressive mechanisms may have developed independently but in parallel. Since the majority of objects that we attend to in the environment consist mainly of low spatial frequencies and contain color, the different suppressive mechanisms that developed would preferentially suppress that information. Third, it could be that various inhibitory mechanisms in the visual system have evolved from a single mechanism. This would result in the mechanisms being very similar, if not identical, for several different forms of suppression. This explanation seems plausible given the conservation of form and function present in the nervous system. Obviously our knowledge of the different inhibitory mechanisms in the visual system is limited and this question can not be thoroughly answered at this time.
CONCLUSION
This investigation, in concert with previous literature, demonstrates that blink suppression and saccadic suppression are the result of a single mechanism. The magnitudes of blink and saccadic suppression are the greatest when the stimuli employed bias detection towards the luminance channel. This observation suggest that blink and saccadic suppression are principally processed by the magnocellular pathway. Volkmann (1986) reviewed the literature on blink suppression, saccadic suppression and vergence suppression and concluded that all were the result of the same mechanism. Our own work on blink suppression suggests that commonality with permanent suppression may also exists. To date, the only inhibitory mechanism which appears unique is that associated with binocular rivalry. Further investigations are warranted to determine what makes binocular rivalry unusual.
